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obtained  in  two  control  situations  at  ambient  air  pressure  1  ATA,  were 
studied  in  10  experienced  divers .  Body  sway  was  recorded  quantitative 
by  statometry  and  in  four  different  conditions:  with  open  and  closed 
eyes  and  in  sagittal  and  lateral  directions.  The  device  used-Stato- 
meter  IV-allowed  analog  and  digital  recording  and  evaluation  of 
variations  in  frequency  and  amplitude  of  the  pattern  of  body  sway,  and 
an  advanced  statistical  analysis  was  made  by  using  a  randomized  block 
factorial  analysis  of  variance  design.  sThe  results  indicated  that  (1) 
there  is  a  strong  quadratic  relationship  between  balance  and  depth, 

(2)  deterioration  in  balance  increases  at  a  much  faster  rate  for  the 
eyes  closed  condition  than  for  the  eyes  open  condition  as  depth  is 
increased,  {3)  there  are  highly  significant  individual  differences, 

(4)  the  performance  at  depth  is  related  to  the  performance  at  the 
surface,  (5)  there  seems  to  be  no  habituation  or  other  adaptation 
to  the  test  device  and  (6)  there  seem  to  be  no  essential  after-effects 
to  the  exposure  to  increased  'ambient  air  pressure  under  the  present 
conditions.  It  was  concluded  that  the  postural  disturbances  at 
increased  ambient  air  pressure  might  be  related  to  the  effect  of  the 
breathing  medium  on  the  central  nervous  system  as  one  symptom  of 
nitrogen  narcosis  in  man. 
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3  of  Increased  Ambient  Air 

ures  on  Standing  Steadiness  in  Man 


J.  A.  Adolfson,  L.  Goumunc  and  T.  DmciiARB 
Naval  Medical  Research  Croup.  Royal  Swedish  Navy ,  Stock¬ 
holm,  Sweden,  Department  of  Alcohol  Research ,  Karolinska 
Institulet..  Stockholm,  Sweden  and  l  '..S'.  Navy  Experimental 
Diving  Unit,  Washington,  D.C.,  20013 
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The  edicts  of  increased  nintiicnt  air  rjrcsstircs  on  slandiitR  r^\"  ln  ^as  rf'a  icc  1C  ,)as 

steadiness  at  2.2  ATA,  *1  ATA,  7  ATA  and m  ATA,  as  compared  the  posture  control  system  a; 
with  rcsnl's  nlilained  in  two  control  siluSons  at  nmhicnf  air  which  a  number  cf  special i'/(  cl 

pressure  (I  ATA),  weie  studied  in  10  csp*enccd  divers.  Body  tribute  to ’Ac  generation  of  COI 

ssvoy  ,vas  recorded  auanlilatiscly  hy  Matomffy  amt  in  four  differ.  -  S(Wors  nnMnetiml  processing  r 

cut  conditions:  with  open  and  dosed  cycjKnnd  in  sacittal  and  M  .  .  .  *  .  1  ^ 

lateral  directions.  The  device  usrd— SlatnmSr  IV— rdl'isved  ana-  ft  ab.C  crtnie  wit  last  acting  respo 
lug  and  dirtilai  recording  and  evaluation  of  '•'rations  in  frequency  ft  lion  from  b*ly  centered  frames 
and  amplitude  of  (lie  pattern  of  body  sw*.  and  an  advanced  fthighcr  centc* processing  provith 
statistical  anal*  sis  ssas  made  In  tisiiiR  a  randBnired  lilo'k  farlorial  control  »tlt  with  longer  r>ri 

analysis  of  sarianee  desiuu.  The  results  indicted  Hint  (1)  there  is  W  . _ .  _ S .  .  .  ‘  ,  .  7* 

a  strum!  ipiadratie  relationship  lielween  Ii.«:n:e  and  'depth.  (2)  %  .S.  ,ra  0  n«P*  ,S  a  111 

deterinratioii  in  halanee  increases  at  a  imia  faster  rale  for  the  ft'hich  responses  to  transient  dr 
eyes  dosed  eondilion  Ilian  for  !lic  escs  oprw  eoiidilion  ns  depth  Si  the  lowest  liivcls.  Allocation  o 

is  ineteased.  (■!)  there  are  liiyldy  sinnificant  individual  rtiffeiencos,  tBWajjs  lo  tlif5  higher  ceniets  v 

II)  the  licit nrmnnee  at  depth  is  i doled  lo  the  performance  at  the  .fL„ ,.„,1 jL.  J2  A  „i  ,  • 

surface.  (5)  .lure  seems  to  he  no  l.ahitnalion  or  other  arlaptntion  ||  !*™Scd  Olfn<K||^mplele  n, 

to  the  test  desire  and  (fi)  there  serin  lo  he  no  essential  after-  inS1"'  rf'sP0,,S(#j* jj^V 

efleels  tr,  the  e\|icmue  to  inei eased  amhient  air  pressure  under  thwif^  |[t  has  bocnjSnund  that  rittrii 
piesent  conditions,  it  nns  emicimled  that  the  poOjW®!  rigjd  flat  srfTO'  (he  ankle  slrel 

mires  at  increased  ambient  air  pressure  might  bc’wbifrrl  to  the  onc-thirdilft'it^iorpsQ-irv  few  nr 


spinal  ventral  roots  and  subsequent  levels  extending  up¬ 
ward  to  the  highest  brain  centers.10,17 

Nnshncr17  has  treated  the  basic  functional  properties 
of  the  posture  control  system  as  a  nmltiloop  system  in 
which  a  number  cf  specialized  feedback  sensors  con¬ 
tribute  to ’Ac  generation  of  commands.  Proprioceptive 
sensors  nn&noiiral  processing  at  the  lowest  levels  cn* 
■  able  crude  wit  fast  acting  responses  based  on  informn- 
Nion  from  bfcy  centered  frames.  “Inertial"  sensors  and 
ihighe  r  eent(%proeessing  provide  more  accurate,  adapt- 
gable  control  put  with  longer  processing  delays.  Hence. 
|pnslurnl  consol  is  a  highly  nonstationary  pioccss  in 
®*'hich  responds  to  transient  disturbances  arc  initiated 
S  the  lowest  levels.  Allocation  of  i  onlrol  then  "radiates” 
xbwtim  lo  till  higher  centers  wlirW  successive  corrce- 
tlhnirTiased  orfenoruAtnplele  inforawtion.  fine  time  the 


effect  <if  the  lircmhiiiR  medium  <m  the  central  nervous  system  ns 
one  .symptom  of  nitioRi-n  narcosis  in  man. 


BOH'.’  SWAY  MOTION  represents  the  critical  mode 
ill  conltoi  of  body  posime  because  of  the  inherent 
tnislable  “inveiti  *1  pendulum”  eharaelctislirs  of  the 
body.  Seiisoti  in  all  a  teas  of  the  organism  ate  used  in 
tiie  control  of  posime.  The  sensots  obtain  information 
concerning  position,  mient. ition  and  posture  ftoni  both 
internal  and  external  soimes. 

In  the  eetilial  nervous  ssstem  die  task  of  sensory  pto- 
cessing  and  generation  of  muscle  commands  is  multi¬ 
level,  the  lowest  level  of  cooidination  located  at  the 


The  research  repotted  in  tills  paper  was  Mippsirled  hy  the  Swe¬ 
dish  Deleealien  for  Applied  Medical  Defence  Hese.iicb.  I’mjrcl 
N’o.  ,11:071/(3  and  tile  Swedish  Mrriir.il  itrseaich  Council.  Prof, 
rets-  \’o.  ))  70  1  J\  552  Oli  and  11  .'1-1  JX-.V>2-07. 

'I  he  sl.itMir.il  anal*  sis  has  hr*  *  done  in  pair  at  tlw  U.S.  Maty 
I'Ap.'ii.iii  nl.ii  Diviiu!  Unit,  Wn'liir.'tlon,  D.C. 

llcp'inls  may  hr  olilaii.rd  front  Dr.  lohn  V.  Adolfson.  Maimeus 
Dykriiknr.lor,  Steppshnlmen,  S-100  M  Sltietholin  1 00,  Sweden. 
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l:as  bcejjaPmnd  that  duritw  rSiet  standing  on  a 
ri'ijd  flat  apa**  the  ankle  xlrelfm  ftfflev  gain  is  about 
one-third  ^fnat,*  necessary  for  post  tap  s(ahility.,T  Small 
!'.stieliri)i”  forces  acting  between  fih^Fs  within  liotli  intra- 
and  extia-fusal  muscles,  however,  supplement  this  reflex 
gain,  and  together  they  provide  a  gain  adequate  for 
complete  stability  for  votv  small  ankle  deflections.  The 
kinesthetic  cues,  associated  with  changes  in  pressure 
distribution  of  the  feel,  arc  the  first  signals  of  postural 
diu  j  grace.  Those  signals  Digger  a  multiplicative  in¬ 
crease  in  she  reflex  loop  g.tin  propoition.il  to  the  dis¬ 
turbance  amplitude,  because  deep  pressure  sensation 
habituates,  an  additional  sense,  cither  visual  or  utricular 
otolith  information,  is  necessaiv  to  provide  drift  stabil:- 
zntio...,T 

Tl  is  well  established  that  various  drugs  especially  al¬ 
cohol,  can  disturb  the  coordination,  and  ret  lain  gases 
and  gas  mixtures  have  similar  effects. Subjective 
feelings  of  dizziness  and  vertigo  during  exposure  to  in¬ 
creased  ambient  air  pressure  vote  lrported  repeatedly 
bv  divers  acting  ns  subjects  in  psycho-physiological  ex¬ 
periments  at  Kniolinskn  Tnstituict  and  at  tlm  Naval  Piv- 
ittg  Training  Center  in  Stockholm.  Sweden.1,5,8  These 
symptoms  were  also  noted  after  inhalation  of  various 
gas  mixtures,  including  helium-oxygen  at  increased  at¬ 
mospheric  pressures. 

Preliminary  results  from  an  earlier  study5  showed  that 
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hoijy  sway,  measured  by  means  of  a  so  called  Stnlo- 
metcr,  inneased  during  exposure  10  10  ATA  in  the  same 
propoilion  in  sagittal  direction,  lateral  direction  eyes 
open  and  eyes  closed.  The  mean  scores  increased  by 
0rirt.  on  th  '  avoiagi  and  the  differences  were  highly 
statistically  significant.  The  variability  also  increased 
significantly  at  JO  ATA. 

It  seemed  likely,  then,  as  a  woiHng  hypothesis,  to  re¬ 
late  the  soi  ions  postural  distir  nances  at  10  ATA  to  a 
narcotic  effect  of  the  bicathing  medium  as  one  symptom 
of  inert  gas  narcosis  in  man  at  raise  d  ambit  nt  nit  pres¬ 
sure,  acting  upon  the  central  nervous  system.  No  train¬ 
ing  effects  were  found,  nor  any  significant  after-effects 
of  the  exposure  to  30  ATA. 

In  the  experiment  repotted  in  this  paper  a.i  attempt 
was  made  to  observe  a  nossiblo  relationship  between 
graded  increases  in  ambient  air  pressure  and  changes 
in  body  sway  under  various  condition.-.:  with  opm  and 
closed  eves  and  in  sagittal  an  1  laleial  dime  lions  while 
breathing  air. 

METHODS 

Subjects  and  Comprct'"lnn.dccompressian  Procedure 
—'flic  same  10  experienced  to.*-  L  divers  from  the  Royal 
Swedish  Navy  who  acted  as  subjects  in  the  earlier  in¬ 
vestigation3  weic  exposed  to  ambient  air  pivssuies  of 
2.2  ATA,  *J  ATA  and  7  ATA  in  a  dry  compression  cham¬ 
ber  after  two  control  sessions  at  l  ATA.  The  order  of 
the  rxpciimenls  was  rotated  so  that  5  subjects  'tailed 
the  testing  at  2  2  ATA  and  o  subjects  started  at  7  \T\. 
After  a  50-mi.mlo  exposing  to  maximum  7  \  PA,  decom¬ 
pression  tool,  a  tola!  of  101  minutes,  when 'Upon  a  posl- 
contiol  cxpci intent  was  p*  ifoimed  nt  1  ATA.  'I  he  oiigi- 
nal  test  data  fiom  the  earlier  txposun  to  10  ATA  weie 
used  in  the  evaluation  of  (lie  i exults. 

histiiimnitulinn-Tho  .Stalomeli-r  Model  TV.  devel¬ 
op,  d  by  the  Wo; king  (Roup  on  .Staiomelry  at  the  IV- 
pailmenl  of  Alcohol  Res.  ai<h,  Kaiolinska  Instilutel, 
.Stockholm,  Sw,  den,7  was  ns<  <i  to  ncred  and  evaluate 
chan  a in  body  poslme  oi  body  yv:.y  Islanding  sli.nli- 
n*  cxl.  The  apjtr.i'itns  comprises  basically  three  main 
units;  for  data  a.jie'ilion,  f«*r  leeoriling  and  sloi.v'c  anil 
for  evahi.il ion  .md  data  analvis. 

In  the  s)slci)i  for  si-na!  uptake  (data  acquisition), 
the  1’osiini  Censor  'Piansihieer  I'.ut,  tlx  movements  of 
the  Mibjiel  -I, Haling  on  the  iVHme  Unit  are  trails- 
foim. <1  into  a  v.n.  mg  voltage.  Th.e  output  sienals  rep- 
it'oitinr.  l  oth  Inter.*!  (\)  nod  samite  I  fy)  mov<  ments, 
arc  ealibi,  t.  .1  in  kp tar.  foire  dis))i..,e;e,<  nt  or  in  St.-.to- 
meti  r  Units  f*<orc),  showing  a  linear  piopintionafity 
to  the  finer  applw  .1  to  ll.o  plate. 

<)|'<  ii  nt’i 


For  recording,  the  outgoing  signals  ore  stored  on  line 
on  magnetic  lap.,-  and  aic  monitored  on  an  analog  ink- 
writer. 

For  quantitative  evaluation  the  signals  are  fed  into 
an  A/C  converter,  where  the  varying  voltage  fiom  the 
signal  units  is  converted  into  disciclc  pulses  which  are 
counted  electronically  during  one-sec  periods,  corre¬ 
sponding  to  the  area  under  the  curve. 

The  magnetic  type  recordings  arc  used  for  visual  pat¬ 
tern  recognition  and  identification  of  the  numerical  data 
and  for  analysis  of  wave  patterns  and  frequency  dis¬ 
tribution. 

Resides  pattern  evaluation  three  main  parameters 
were  computed:  mean  score  ±  S.E.,  based  on  50  counts 
at  each  rceouling,  intra-individual  and  inter-individual 
variability. 

Experimental  Design— The  recordings  were  taken 
with  the  subject  in  the  compression  chamber  standing 
on  the  poslme  .vnsor  transducer  unit  of  the  Statometer 
in  a  Romberg  position  with  feet  together,  eyes  open  -  • 
closed.  The  variations  in  standing  steadiness  were  re¬ 
corded  on  magnetic  tape  and  monitored  on  an  ink- 
writer,  the  tape  lccorder  and  the  inkwiitcr  being  placed 
outside  the  chamber.  The  tape  iccordings  were  then 
processed  at  the  Department  of  Alcohol  Research,  Karo- 
linska  Institute!:. 

The  standard  procedure  which  was  followed  during 
a  lest  was  compiiscd  of : 
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STANDING;  STKAMNKSS  &  "NiTHOGKtf  XAHCOSIS’-ADOI.I'SON  FT  Ah. 


Ust  recording- 

-eyes  dosed 

70 

sees 

interval 

30 

Sees 

2nd  recording 

-ey  es  open 

70 

sees 

Interval 

30 

sees 

2nd  rccoi  Hug- 

••  eyes  closed 

70 

sees 

During  one  i; 

s',  day  six  subtexts  were 

inn: 

(1) 

Tntrol  1  AT.:.  { 

/)  control  1  ATA  (after 

an  inteiva 

20  minutes}-  (3j  iiyperb.uic  test  pressure:  level  1  (after 
5  minutes  at  ptessure  level);  (•()  lnpcibaiie  test  pres¬ 
sure  level  2  (after  5  minutes  at  pressure  level);  (5) 
hypejbaiic  test  pressuit  level  3  (alter  5  minutes  at  pres¬ 
sure  level);  (G)  post-control  1  ATA  (after  a  decompres¬ 
sion  period  of  161  minutes). 


RESULTS 

An  example  of  the  recordings  made  at  1  ATA  and  10 
ATA  is  given  in  Figure  1.  The  increase  in  amplitude  as 
well  as  frequency  of  sway  and  variability  with  time  with 
increase  in  ambient  air  pressure  is  noticed  as  well  as  the 

STANDING  STEADINESS  (BODY  SWAY] 


SCORE 

210  i 


CLOSED  EYES 
T  LATERAL  SCORE 
h  r-<U3.S-2.76«  fl,29«J 


ClOSl'O  CYES 
r  SAGITTAL  SCORE 
A  y.  92.7-4, 15«  ♦  1,20.2 


om;  eyes 
i  ateral  score 
J  /•  0.«»  *<W*? 


nrrw  Errs 
A  sagittal  sccre 

y .  ioT-i.5).  .  Q>st2 


1^4  >  Id 

AUOliNI  AIR  FRC5TUSE  III  AtA 
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increase  when  eyes  wore  dosed.  The  pattern  of  sway 
varied  from  subject  to  subject;  large  slow  deviations 
away  fioia  the  main  position,  as  well  as  small  and  rapid 
excursions  around  the  main  position  were  found. 

The  ciTects  of  graded  increases  in  ambient  air  pres¬ 
sure  are  given  in  Figure  2-  Already  ac  2.2  ATA  in  two 
conditions  with  open  eyes  the  increase  from  the  control 
(!  ATA)  \v.*v  statistically  significant  (p<0.05).  All  ef¬ 
fects  at  higher  pressures  were  highly  statistically  sig¬ 
nificant  (p  <  0.001). 

For  frnthi-r  e\  .dilation  of  the  present  data  a  random¬ 
ized  block  factoi ini  analysis  of  wuiaiice  design  was 
used.  Tiie  overall  results  are  presented  in  'rablc  I. 
blocking  across  subjects  was  incorporated  to  u.nove  in¬ 
dividual  diffeiencos  from  tbo  error  term.  Tllo  subjects 
v.ue  tested  twice  with  tlicii  i-vi-s-open  and  twice  With 
their  eyes  closed  ( Factor  A).  Each  subject  was  tested 
four  times  at  each  of  five  pressure  levels  ( Factor  B). 
Shifts  in  balance  foiee  were  measured  in  two  planes; 
lateral  and  sagittal  (Factor  C). 

The  results  indicate  that  the  individual  differences  on 
the  lialance  test  (Block?)  are  statistically  significant  at 
the  p  <  0.001  level.  In  other  words,  a  difference  as  large 
as  the  one  obtained  could  be  expected  by  chance  in 
less  than  one  of  a  thousand  replications  of  this  experi¬ 
ment. 

The  differences  noted  between  the  eyes  open  and 
eyes  closed  condition  (Factor  A)  are  also  statistically 
significant  at  the  p  <  O.OOi  level,  which  i,s  also  the  fact 
for  the  diffeiencos  between  the  pressure  levels  (Factor 
B). 

When  tbo  treatment  level.;  for  a  given  factor  form  a 
series  of  steps  along  an  ordeiod  scale,  i.c..  increasing 
dosage,  intensity,  pressure,  time,  etc.  then  treatment  var¬ 
iation  can  be  subdivided  into  linear,  quadiatic,  cubic, 
etc.  trend  components.  A  trend  analysis  of  Factor  B 
(depth,  pressure)  indicates  that  when  subjects  are 
breathing  air  there  is  an  overall  quadratic  relationship 
between  balance  and  depth.  This  is  illustrated  in  Figure 
o. 

The  interaction  between  Factor  A  (eyes  open  or 
closed)  and  Factor  B  (depth)  is  statistically  significant 
at  llu-  p  <  0.001  level. 

Also,  the  direction  of  movement  ( Factor  C)  is  sta¬ 
tistically  significant  (p  <0.001).  Without  exception  the 
subjects  displayed  more  lateral  than  sagittal  movement. 

The  jesults  ohl  lined  in  the  pre-eonliol  and  post-con¬ 
trol  situations  at  1  ATA  were  compared  by  means  of 
(be  |-icsl.  No  statistically  significant  differences  (p> 
0.05)  were  found,  which  is  quite  in  aceoidunro  with  the 
earlier  findings.3  Finally,  the  result':,  shown  in  Table  II, 
indicate  that  performance  at  depth  is  i elated  to  per¬ 
formance  on  (be  surface.  In  other  wools,  (host:  people 
who  pci  form  well  on  the  suifaee  also  peiform  well  at 
depth. 

As  mentioned  above  the  subjects  were  tested  twice 
s'  itb  open  eves  and  twice  with  closed  eyes  at  each  pres¬ 
sure  level.  The  ti  sl-ie'.cst  u  li.ibilih  loi  each  l*vo  sets  of 
tests  was  high  and  .stable  for  all  vai tables  studied  in  ibis 
inve.'.ligaiion  and.  therefore,  it  was  possible  to  list’  each 
pair  of  measniciuents  as  one  set  in  the  final  analysis. 
The  test-n  lesl  reliability  is  given  in  Tali!.-  HI. 


DISCUSSION 

The  Idea  to  use  statometn  as  a  quantitative  physio* 
logical  measurement  of  inert  gas  narcosis  in  man  is  not 
new.  In  1943  Berggren"  started  a  pilot  study  to  record 
effects  of  increased  ambient  air  pressure  on  the  central 
nervous  system  by  employing  a  series  of  psyehomoior 
tests  including  methods  for  quantitative  photographic 
recording  of  changes  in  body  sway.  This  procedure  was 
originally  developed  for  studying  effects  of  alcohol  and 
drugs.”  Unfortunately,  the  experiments  on  divers  were 
discontinued  due  to  Berggren’s  untimely  death. 

More  recently  reports  on  subjective  feelings  of  dizzi¬ 
ness  and  vertigo  during  exposure  to  increased  ambient 
air  pressure12  8  and  episodes  of  imbalance  have  actu¬ 
alized  this  investigation.  While  balance  disturbances  oc¬ 
cur  during  exposure  to  increased  ambient  air  pressure 
the  reported  episodes  of  so-called  altemobarie  verti- 
g0i<u*  seem  to  occur  either  during  or  immediately  after 
ascent.  Tin's  suggests  that  overpressurization  of  the  mid¬ 
dle  car  may  be  more  important  than  a  negative  pressure 
in  the  middle  ear.18  Most  likely  the  vertigo  thus  seems 
to  be  induced  by  pressure  changes  in  the  middle  ear 
rather  than  to  a  narcotic  effect  of  the  breathing  medium 
upon  the  central  nervous  system. 

As  one  step  in  an  attempt  to  localize  possible  sites 
and  mechanisms  of  action  underlying  the  observed  bal¬ 
ance  disturbances  in  divers  underwater,  the  possihle  in¬ 
fluences  of  hyperbaric-  conditions  (10  ATA)  on  certain 
vestibular  reactions  'were  studied.4  No  changer  in  the 
reaction  pattern  of  the  vestibular-ocular  reflex  are  to 
graded  movements  of  the  head  nor  to  acceleration  and 
retardation  during  rotation  were  found.  .Neither  were 
there  any  (Iff  .-rcnces  observed  in  the  activity  between 
the  left  and  right  labyrinths  during  exposure  to  an  am¬ 
bient  air  pressure  of  10  ATA.  The  results  showed  that 
certain  pathway;  of  the  vestibular  system  were  not  per¬ 
turbed  by  high  ambient  air  pressures,  but  the  results 
from  the  present  investigation,  on  the  other  hand,  show 
that  other  systems  under  vestibular  control,  c.g.,  the  pos¬ 
tural  system,  are  clearly  implicated.  However,  this  is  in 
strong  need  of  further  investigation. 

Perhaps  one  of  the  most  interesting  findings  in  the 
analysis  of  (he  results  of  the  present  investigation  is  the 
interaction  between  the  visual  conditions  (open  'closed 
eves)  and  the  depth  conditions  ( Factor  AB  in  Table 
I).  The  results  indicate  that  deterioration  in  balance 
increases  at  a  much  faster  rate  for  the  eyes  closed  condi¬ 
tion  than  for  the  eyes  open  condition  as  depth  is  in¬ 
creased.  Iir  appears  that  balance  is  deteriorating,  hut 
that  the  subjects  are  able  to  compensate  for  this  deteri¬ 
oration  as  long  as  they  have  their  eyes  open  and  a  visual 
reference  is  present.  Tills  seems  to  be  a  reasonable  ex¬ 
planation  since  most  of  man’s  spatial  orientation  infor¬ 
mation  comes  via  vision  and  that  body  sway  is  reduced 
to  half  with  open  eyes  ns  compared  to  eyes  closed.8-* 

In  diving  to  deep  depths  or  in  turbid  or  nmoiphons 
water  the  visual  reference  is  lost  along  with  many  of 
the  other  orientation  cues.  The  decreased  visibility  as 
well  ns  the  reduced  illumination  occurring  during  a  dive 
reduce  the  effect  of  visual  cues  and  impair  standing 
steadiness  and  hence  add  to  the  impairing  effect  of  ex¬ 
posure  to  increased  ambient  air  pressure.  The  combined 


effect  of  10  ATA  and  eliminated  vir.ual  cues  as  com¬ 
pared  to  the  sco,  with  open  eves  at  1  ATA,  caused  the 
body  sway  with  closed  eyes  at  10  ATA  to  increase  to  an 
average  of  453%  of  the  normal  (1  ATA)  with  open 
eyes.3 

Under  these  conditions  it  seems  reasonable  to  suspect 
that  man  will  have  a  great  deal  of  trouble  with  orienta¬ 
tion  under  water.  The  vestibular  system  is  as  sensitive 
to  gravity  under  water  as  in  air,  but  postural  cues  for  a 
free-llo  iSing  diver  are  very  much  reduced  because  of 
bis  neutral  buoyancy.  When  these  losses  of  sensory  In¬ 
formation  are  coupled  with  man’s  decreased  >x'  ’'<*  to 
process  information  while  breathing  high  p. 
air1--'  it  is  not  difficult  to  understand  the  ’rportc  sj 
people  swimming  down  instead  of  up  during  open  sea 
deep  air  Scuba  dives.  If,  then,  an  episode  of  altemobarie 
vertigo  occurs  in  addition  to  the  balance  disturbances 
induced  by  the  narcotic  effect  of  the  breathing  medium, 
the  actual  (live  may  be  catastrophic  to  the  diver. 


TABLE  I.  RANDOMIZED  BLOCK  FACTORIAL  ANALYSIS  OF 
VARIANCE  OF  CHANCES  IN  STANDING  STEADINESS 
(BODY  SWAY)  IN  10  EXPERIENCED  DIVERS  (BLOCKS) 

AT  I.  2.2.  4,  7  AND  10  ATA  (DEPTH)  WITH  OPEN 
'  AND  CLOSED  EYES  (EYES)  IN  THE  LATERAL  AND 
SAGITTAL  DIRECTIONS  (DIRECTION)  WHILE  JJREAT1IINC  AIR. 


SOURCE 

SS 

df 

MS 

F 

Blocks 

Treatments 

01255 

9 

10130 

18.6*** 

(A)  Eyes 

229022 

1 

220022 

4I9.G*** 

(B)  Depth 

10S277 

4 

27069 

49.0*** 

(AB) 

13754 

4 

3939 

(C,  Direction 

29771 

I 

29773 

34.5*** 

(AC) 

1007 

I 

1008 

1.8 

(BC) 

2103 

4 

S20 

0.90 

(ABC) 

170 

4 

44 

0.08 

Rrtldua) 

03328 

171 

340 

Total 

570005 

199 

•••  V  <  0.001 


TABLE  IL  CORRELATION  BETWEEN  BODY  SWAY  IN  THE 
HYPERBARIC  (2.2,  4.  7  AND  10  ATA)  AND  CONTROL 
CONDITION  (I  ATA)  WITH  OPEN  AND  CLOSED  EYES 
IN'  10  EXPERIENCED  DIVERS  WHILE  BREATHING  AIR. 


Eyes  Open 


'Eye*  Clnu.it 


Depih* 

Correlation 

Depths 

Correlation 

l-2.iT 

0.00 

1-2.2 

0.79 

1-4 

0.7* 

1-4 

0.73 

1*7 

0.S1 

1-7 

0.60 

1-10 

0.78 

1-10 

0.69 

TABLE  lit.  TEST-RETEST  RELIABILITY.  CORRELATION  BETWEEN 
BODY  SWAY  IN  FIRST  AND  SECOND  RECORDING  AT  VARIOUS 
PRESSURE  IJiVELS  (DEPTH)  IN  10  EXPERIENCED  DIVERS 
WHILE  BREATHING  AIR. 


Depth 

Lateral  Movement 

Sagittal  Movement 

Closed 

Open 

Closed 

Ope* 

Eyes 

Eye* 

Eyes 

Eye* 

‘i  ~ 

0.80 

0.S2 

O.B3~ 

03)7 

2.8 

0.83 

0.82 

0-SS 

0.88 

4 

0.50 

0.71 

(LSI 

0.01 

7 

0.03 

0.77 

0.83 

0.85 

10 

0.67 

0.88 

0.68 

0.75 

I 

0.74 

0.70 

0.58 

0.57 
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TIic  high  individual  tliffcrr 11m  found  in  this  invest!- 
gal  ton  indicate  that  each  individual  has  his  own  indi¬ 
vidual  hodv  sway  pattern,  and  the  correlation  between 
the  results  obtained  on  the  surface  and  the  results’  ob¬ 
tained  at  depths  in  each  individul  is  high  and  very 
stable  at  all  the  pressure  levels  tested,  varying  from  r  = 
•fid  to  r  =  .SI  for  open  eyes,  and  from  r  ~  .69  to  r  =  .79 
for  closed  eyes  (Tabic  II).  That  means  that  performance 
at  depth  is  related  to  performance  on  the  surface. 

The  findings  in  the  earlier  investigation3  that  there 
were  no  systematic  changes  from  the  pre-control  to  the 
post-control  situation  indicated  that  there  were  no  es¬ 
sential  after-effects  with  regard  to  body  sway.  This  is 
confirmed  in  this  investigation  for  three  out  of  the  four 
comparisons  possible.  The  actual  t-values  are:  in  the 
lateral  direction  closed  eyes  1.0!)7.  and  open  eves  2.09S 
([i  <  0.0");  in  the  sagittal  direction  closed  eyes  1.293, 
and  open  eyes  1.231. 

The  findings  in  this  study  seem  to  correspond  very 
well  with  the  results  of  an  investigation  on  the  effects 
of  hypoxia  on  standing  steadiness  by  Tljorver  &  Pcrsson 
flftt?).*  They  found  that  after  one  minute  inhalation  of 
HV:  oxygen  and  90 To  nitrogen  at  normal  ambient  pres- 
Mire  an  increase  in  statometer  values  was  recorded  and 
increased  successively  during  inhalation  of  the  gas  mix- 
tuio.  reading  a  maximum  one-half  minute  after  the  ces¬ 
sation  of  the  gas  mixture  inhalation.  Tliev  also  found  a 
rather  large  variation  between  the  subjects.  Arterial 
oxygen  saturation  was  followed  continuously.  Whether 
or  not  changes  in  the  carbon  dioxide  tension  in  the  tis¬ 
sues  would  cause  changes  in  body  sway  has  not  yet 
been  elucidated. 

From  the  results  of  this  investigation  it  seems  likely 
to  confirm  the  conclusion  from  the  earlier  study1  that 
the  serious  postural  disturbances  at  increased  ambient 
air  pressures  might  be  related  to  the  offer  t  of  the  breath¬ 
ing  medium  as  one  symptom  of  nitrogen  narcosis  in 
man.  This  symptom  is  detectable  at  an  early  stage  by 
recording  the  changes  in  standing  steadiness  (stalomc- 
tryh  The  increased  ambient  air  pressure  seems  to  act 
upon  the  central  nervous  system,  affecting  a  number  of 
integrative  processes  which  are  engaged  in  maintaining 
equilibrium  while  standing  and  also  involving  ocular 
pathways  other  than  those  so  far  tested.  The  mechanism 
may  differ  from  that  of  other  agents  causing  postural 
disturbances,  c.g.,  ethanol,  having  first  dis-iuhihiling  and 
then  blocking  effects  on  a  number  of  central  nervous 

system  structures,  for  instance  the  reticular  forma* 

tjn„.i:i.M.n 
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